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EXTREME ATMOSPHERE MODELS, 1973 

By Keith W. Jeske 
Lyndon B. Johnson Center 


SUMMARY 


In planning any remote-sensing experiment, it is desirable to know the 
range of atmospheric conditions that may occur. This report presents the 
results of a study that used radiosonde soxindings to select the extreme atmos- 
pheric conditions in the continental United States. 


INTRODUCTION 


In analysing all Earth resources data obtained by renote-sensing tech- 
niques, the effect of the atmosphere between the target and the sensor must be 
considered. The atmospheric effect is dependent on the meteorological condi- 
tions (i.e., pressure, hvimidity, aerosol content, etc.) existing at the time 
the observations are made and on the wavelength of the observations. There- 
fore, in planning remote-sensing experiments or devising new instruments or 
techniques to account for the atmospheric effect, it is desirable to know 
the extreme range of conditions that might occiur so that an adequate 
assessment of the effects can be made. 

This report describes an effort to determine the extreme cases of meteor- 
ological conditions over the United States. Selections of extreme conditions 
were made from National Weather Service radiosonde reports on the basis of 
water content and temperature structure of the atmosphere. Cases were chosen 
for conditions of hot/dry, cold/dry, hot/wet, and cold/wet with other cases 
chosen for location of the water in the atmosphere. A computer model of the 
atmosphere was then used to evaluate attenuation effects of the air. 

The ”U.S. Standard Atmosphere Supplements, 1966** (ref. l) was also proc- 
essed by the same computer model as a comparison with measured conditions. 

These models are average conditions for latitude regions of 15® N, 30® N, U5® N, 
60® N, and 75® N and for the seasons of summer and winter. These models were 
evaluated in conjunction with the extreme cases because they are often used in 
that capacity and are readily available in most laboratories. 
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SELECTION OF CASES 


Radiosonde reports for the continental United States were obtained from 
the Space Flight Meteorology Group, National Oceanic and Atmospheric Administra- 
tion (NOAA), for the period June 1972 through February 1973. Dxiring this 
period, test dates were selected at intervals of approximately 5 days. The 
reports from the selected data were then visually scanned for evidence of 
possible extreme conditions at any of the reporting stations. 

The National Severe Storms Laboratory, NOAA, provided radiosonde data for 
central Oklahoma. These data points represented severe weather conditions for 
May and June 1966 and May 1968. 

The reported data for the selected stations were integrated with a calcula- 
tor program written to compute the precipitable water in the air. Extreme 
cases were selected on the basis of calculator output because water vapor is a 
highly variable constituent of the lower atmosphere and has a large attenuation 
effect in many spectral regions (figs. 1 to U). 


PRECIPITABLE WATER CALCULATIONS 


Precipitable water is defined as the amount of water that can be precipi- 
tated out of a column of air between two layers. By designating the two layers 
as a anc* b (where b '> a), precipitable water may be calculated by the 
method dv-scribed in reference 2 of 


precipitable water = 


1 

^liquid 



pr dz 


( 1 ) 


where density of liquid water, p is the density of the 

ambient atmosphere, r is the mixing ratio of water in the air ( grams /kilogr am ) , 
and z is the altitude. By using the hydrostatic equation 




-PG 


( 2 ) 


where p is pressure and G is acceleration due to gravity, equation (l) can 
be simplified by 


precipitable water - - 



(3) 


2 



Assuming r to be a constant, r, over the interval P to P,_ 

a b 


precipitable water 




(M 


At a given level, the mixing ratio (ref. 3) can be approximated by 


r 


gJsms . « io3 a- 

P - e kg 


(5) 


where P is the atmospheric pressure at the level and e is the vapor pressure 
of water, which can be estimated (ref. 2) by the empirical formula 


e = 


6.11 X 10 


(7.5yV23T.3) 


( 6 ) 


where is the dewpoint temperature in degrees Celsius. 

Thus, the precipitable water can be calculated by using pressure and dew- 
point temperature as input data. This information is obtained from radiosonde 
data for levels of the atmosphere to 10 kilometers or above for 0000 G.m.t. and 
1200 G.m.t. for approximately 80 stations in the United States. 

A calculator was programed to accept pressure, temperature, and dewpoint 
depression (from radiosonde readings) as input data. Precipitable water in 
centimeters (between layers and summed for the entire atmosphere) was fed to a 
typewriter unit. 


RESULTS 


The extreme cases, chosen by the method described earlier, are given in 
table I. The column headed "Precipitable water” gives the total amount in 
centimeters of precipitable water in the atmosphere between the groxind level 
and the highest level for which dewpoint information was provided by the 
radiosonde reports. Appendix A gives the complete calculator output for these 
cases and the radiosonde data from which calculations were made. The same 
information is provided for the severe stem cases in table II and appendix B. 
These data are included because the maximum potential instability that these 
cases represent occurs when the lower atmosp^^^re is wet and hot and the upper 
atmosphere is cold and dry. Conditions behin the front are moderate in water 
content . 
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Table III is a summary of the calculator output for the stancLard atmos- 
pheres for purposes of comparison. It presents the aversiges of theoretical 
measurements. Appendix C gives the input and complete output for these cases. 
The input was made to conform to the format of the radiosonde readings. 


CONCLUDING REMARKS 


The TBXige of water content for the extreme atmosphere cases was 0.131 to 
5.85 centimeters, whereas the "U.S. Standard Atmosphere Supplements, 1966” pro- 
vided a range of 0.2lU to U.376 centimeters and the severe storm cases provided 
a range of 1-769 to 3.2 centimeters. 

It is hoped that the extreme atmospheric conditions discussed in this 
report will allow an accurate assessment of the effect of water content varia- 
tion in the atmosphere on atmospheric transmission. 


Lyndon B. Johnson Space Center 

National Aeronautics and Space Administration 
Houston, Texas, February 26, 197^ 

951-16-00-00-72 
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Figure 1.- /atmospheric transmission along a vertical path of two airmasses. 
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Figure 2.- Atmospheric transmission. 








APPENDIX A 


EXTREME ATMOSPHERIC CASES 


The top half of each pa^e contains the radiosonde data used as input to 
the calculator program* The first line is organized as follows: five-digit 

station number* date* time (G*m.t.)* and station location. The remaining lines 
are the data from the significant levels in the atmosphere. The first three 
digits represent the pressure in millibars. If the pressure is greater than 
1000 millibars* only the last three digits ^re given. The next three digits 
are the temperature in degrees Celsius to one-tenth of a degree (XX.X). The 
third digit of this group indicates whether the tanperature is positive or 
negative; an even digit denotes positive values and an odd digit signifies 
temperatures below zero. The last two digits on each line are the dewpoint 
depression information. Numbers less than 50 should be divided by 10 and 
numbers greater than 53 should be decreased by 50 to obtain the dewpoint 
depression in degrees Celsius. 

The lower portion of each page contains the calculator output for the 
particular case. Pressure is given in millibars* and temperature and dewpoint 
are in degrees Celsius. The column h*="aded ”CM H20” is the quantity in centi- 
meters of precipitable moisture between the level of pressure listed on the 
same line with the precipitable moisture and the preceding pressure. The 
column headed ”SUM” gives the cumulative total of precipitable water. 
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72201 7 / 17/72 0000 Key West, Pla. 

017 28 U 28 

U75 10350 

000 26 U 19 

U 68 11530 

850 16220 

i »12 17330 

700 07U2I 

400 19719 

6k2 0UU22 

352 25508 

591 00128 

300 34534 

558 029U9 

279 38944 

5U2 0U529 

250 44900 

500 07929 

200 57100 

U96 07819 

174 64700 


STATION NO. 

72201 




DATI 

71772 




TIMt (GMT) 





FRET SURE 

TEMP 

DEW FT 

CM H 20 

SUM 

lUT 

28.4 

25.6 



UlO 

26.4 

24.5 

.351166 

.351166 

£■70 

16.2 

14.2 

2.435161 

2.786328 

700 

• t 

5.3 

1.538496 

4.324825 

642 

4.4 

2.2 

.444892 

4.769717 

591 

-.1 

- 2.9 

.318304 

5.088522 

5 ‘38 

-2.9 

- 7.8 

.152320 

5.240843 

542 

- 4.5 

- 7.4 

.064145 

5.304988 

500 

- 7.9 

- 10.8 

.158609 

5.463598 

496 

- 8.7 

- 10.6 

.013856 

5.477455 

47-7 

- 10.3 

- 10.3 

.076190 

5.553653 

468 

- 1 ' 

- 14.5 

.022593 

5.576247 

412 

-l'( .i 

-20.5 

.127357 

5.703604 

400 

19.7 

- 21.6 

.021411 

5.725015 

352 

-25.5 

-26.3 

.072169 

5.797185 

3 C 0 

-34.5 

-37.9 

.045972 

5 . 8431 '^'^ 

279 

-38.9 

- 43.3 

.008191 

5.851349 
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722U0 9/05/72 0000 LAKE CHARLES, LA 


013 2881*7 

1*21 1U559 

000 28857 

1*00 17368 

931 2302U 

381 19569 

771* 132U6 

367 21958 

718 091*17 

31*5 2U973 

666 061*50 

309 31169 

620 02820 

300 33158 

59** 012U0 

295 33750 

566 01328 

283 35171 

51*8 02359 

267 38970 

536 03156 

223 1*9500 

528 03369 

150 66100 

500 06567 

127 70700 

1*78 08576 

123 69700 

1*36 12969 

111 72500 


STATION NO. 

722UO 




DATE 

9572 




TIME (GMT) 





PRESSURE 

TEMP 

DEW PT 

CM H20 

SUM 

1013 

28.8 

2U.I 



1000 

28.8 

21.8 

.23668U 

.23668U 

931 

23-0 

20.6 

1.173529 

1.1*10211* 

771* 

13.2 

8.6 

2.063681 

3.1*73895 

718 

9.1* 

7.7 

.521*1*69 

3.998365 

666 

6.U 

1.1* 

.U1UU59 

1*. 1*12821* 

620 

2.8 

.8 

.303768 

1*. 716593 

591* 

1.2 

-2.8 

. 156712 

1*. 873305 

566 

-i.r 

-l*.i 

.11*6362 

5.019668 

5**3 

-2.3 

-11.3 

.072863 

5.092531 

>36 

-3.1 

-9.1 

. 039916 

5.1321*1*7 

528 

-3.3 

-22.3 

.019526 

5.151971* 

500 

-6.5 

-23.5 

.0331*78 

5.1851*52 

1*78 

-8.5 

-31*. 5 

.017527 

5.202990 

1*36 

-12.9 

-31.9 

.021823 

5.22U81I* 

1*21 

-IU.5 

-23.5 

.011*91*2 

5.239756 

1*00 

-17.3 

-35.3 

.019505 

5.259262 

381 

-19.5 

-38.5 

.007920 

5.267182 

367 

-21.9 

-29.9 

.008657 

5.27581*0 

31*5 

-2U.9 

-1*7.9 

.011221 

5.287062 

309 

-31.1 

-50.1 

.001*788 

5.291851 

300 

-33.1 

-1*1.1 

.002118 

5.293969 

295 

-33.7 

-_--.7 

.002001* 

5.295973 

283 

-35.1 

-56.1 

.003119 

5.299092 

267 

-38.9 

-58.9 

. 000910 

5.300003 



72250 10/20/72 1200 BROWHSVILLE, TEX. 


Ol6 22627 

506 06956 

000 25232 

500 07161 

850 16232 

471 09775 

818 IUUU5 

444 13168 

796 12415 

420 16756 

781 II6U3 

400 17768 

742 08600 

332 28937 

700 07000 

300 34361 

633 02800 

265 40170 

624 01457 

250 43900 

611 02865 

200 55500 

586 00878 

150 68700 

522 05374 

100 77900 


STATION NO. 

72250 




DATE 

102072 




TIME ((MT) 

1200 




PRESSURE 

TEMP 

DEW PT 

CM H20 

SUM 

1016 

22.6 

19.9 



1000 

25.2 

22.0 

.256808 

.256808 

850 

16.2 

13.0 

2.147096 

2.403904 

818 

l4.4 

9.9 

.335956 

2.739861 

796 

12.4 

10.9 

.222018 

2.961879 

781 

11.6 

7.3 

.142477 

3.104357 

742 

8.6 

8.6 

.353540 

3.457898 

700 

7.0 

7.0 

.397425 

3.855323 

633 

2.8 

2.8 

.562819 

4.4 i 8 i 43 

624 

1.4 

-5.6 

.052662 

4.470805 

611 

2.8 

-12.2 

.043026 

4.513831 

586 

.8 

- 21.2 

.040090 

4.553922 

522 

-5.3 

-29.3 

.043558 

4.597481 

506 

-6.9 

-12.9 

.028043 

4.625525 

500 

-7.1 

-18.1 

.Ol4i64 

4.639689 

471 

-9.7 

-34.7 

.033303 

4.672993 

444 

-13.1 

-31.1 

.014501 

4.687494 

420 

-16.7 

-22.7 

.025629 

4.713123 

400 

-17.7 

-35.7 

.019451 

4.732575 

332 

-28.9 

-32.6 

.040905 

4.773480 

300 

-34.3 

-45.3 

.015474 

4.788955 

265 

-4o.l 

-60.1 

.004579 

4.793534 
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72232 11/10/72 1200 BOOTHVILLE, lA. 

013 31U17 
000 23228 
781 10602 
767 07602 
7U7 13281 
588 02559 
553 05177 
500 12361 
UU2 1S1U3 
Uoo 21725 
372 2U765 

289 39156 
250 U7700 
200 58100 
150 63700 
116 73700 
100 71100 


STATION NO. 72232 
DATE 111072 
TIME (GMT) 1200 


PRESSURE 

TEMP 

DEW PT 

CM H20 

SUM 

1013 

31.1* 

29.7 



1000 

23.2 

20.1* 

.278515 

.278515 

781 

10.6 

10.1* 

2.8U8154 

3.126669 

767 

7.6 

T.U 

.1331*19 

3.260089 

7U7 

13.2 

-17.8 

.099212 

3.359302 

588 

-2.5 

-11.5 

.3201*1*3 

3.67971*5 

553 

-5.1 

-32.1 

.0563U1 

3.736086 

500 

-12.3 

-23.3 

.01*3890 

3.779977 

UU2 

-16.1 

-20.1* 

.081*61*9 

3.861*626 

1*00 

-21.7 

-2U.2 

.065111 

3.929737 

372 

-21*. 7 

-30.7 

.030363 

3.960101 

289 

-39.1 

-1*5.1 

.01*2961 

u. 003062 
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74 U 86 12 / 10/72 1200 J.F.K. , HEW YOHK 


016 07701 

300 39334 

000 06001 

250 51100 

912 0740 * 

200 63700 

889 lOCol 

181 68500 

558 08301 

157 72700 

500 13329 

150 69300 

458 18125 

123 63700 

420 22301 

107 64100 

400 24727 

100 66700 

384 27750 

- 1 . 

318 37543 



STATION NO. 

74486 



DATE 

121072 



TIME (GMT) 

1200 



PRESSURE 

T 04 P 

DEW PT 

CM H 20 

1016 

1000 

912 

889 

558 

500 

458 

420 

400 

384 

318 

300 

- 7.7 

6.0 

7.4 

10.6 

- 8.3 

- 13.3 

-18.1 

- 22.3 

- 24.7 

-27.7 

- 37.5 

- 39.3 

-7.7 
6. 0 
7.4 
10.6 
-8.3 
-16.2 
- 20.6 
- 22.3 
-27.4 
-32.7 

- 41.8 

- 42.7 

.065109 

.582673 

.189877 

2 . 15 i 410 

.172086 

.080633 

.060559 

.025624 

.013270 

.031141 

.005367 

250 





SUM 

.065109 

.647783 

.837661 

2.989071 

3.161158 

3.2U1791 

3.302350 

3.32797U 

3.3U12U5 

3.372386 

3.377753 
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7227 U 6/30/72 0000 TUCSON, ARIZ 


922 391*97 
907 35881 
850 3108x 

700 16077 
578 01672 
526 05168 
500 06970 
l»7l» 10772 
1*58 10771* 


1*00 18572 
300 31*167 

275 39567 
250 k 6 lOO 
216 U93OO 
200 52900 
159 62900 
150 6U7OO 
100 72500 


STATION NO. 7227 1* 
DATE 63072 
TIME (GMT) 


PRESSURE 

TEMP 

DEW PT 

CM H20 

SUM 

922 

39.1* 

-7.6 



907 

35.8 

1*.8 

.0631*71 

.0631*71 

850 

31.0 

. .0 

. 301*206 

.367678 

700 

16.0 

-11.0 

.521*782 

.8921*61 

578 

1.6 

-20. !♦ 

.227336 

1.119797 

526 

-5.1 

-23.1 

.061*267 

I.I8U065 

500 

-6.9 

-26.9 

.026009 

I.21007U 

h 7 h 

-10.7 

-32.7 

.017831* 

1.227908 

1^58 

-10.7 

-31*. 7 

.007665 

1.235571* 

ItOO 

-18.5 

-1+0.5 

.020808 

1.256382 

300 

-31*. 1 

-51.1 

.019527 

1.275910 

275 

-39.5 

-56.5 

.002211 

1.278122 


72712 1/10/73 1200 CARIBOU, ME. 


987 3U5U1 

617 29505 

979 22530 

530 3U3UU 

966 20929 

U 71 39350 

910 2U109 

uoo U8600 

898 2U301 

337 57900 

850 2370U 

323 58700 

80U 22701 

176 50700 

7U5 23113 

150 53100 

700 2 k 9 lk 

100 5U900 

672 25931 



STATION NO. 

72712 




DATE 

11073 




TIME (GMT) 

1200 




PRESSURE 

temp 

DEW PT 

CM H20 

SUM 

987 

-3U.5 

-38.6 



979 

-22.5 

-25.5 

.002531 

.002531 

966 

-20.9 

-23.8 

.007031 

.009562 

910 

-2U.I 

-25.0 

.032037 

.OU16OO 

898 

-2U.3 

-2l».l* 

.006932 

.OU8532 

850 

-23.7 

-2i».l 

.02989U 

.O78U26 

80U 

-22.7 

-22.7 

.032787 

.111211* 

7^5 

-23.1 

-2U.U 

.OUU168 

.155382 

700 

-2U.9 

-26.3 

.030698 

.186080 

672 

-25.9 

-29.0 

.016323 

.2021*01* 

617 

-29.5 

-30.0 

.028556 

.230961 

530 

-3U.3 

-38.7 

.033J»80 

.261*1*1*1 

U71 

-39.3 

- kk .3 

.012071* 

.276516 
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72518 1/30/73 1200 ALBANY, N.Y. 


008 16361 
000 15959 
959 16358 
932 16731 
915 17156 

871 17725 
832 19325 
797 20557 
775 19357 
735 21765 
721 22565 

700 23370 

665 26359 
6U9 25972 


568 27972 
500 35167 
U59 39766 
379 50100 
352 U9100 
300 51700 
281 U95OO 
205 U9100 
181 U21OO 
172 U21OO 
13** 50900 
llU U',500 

106 50700 
100 U9500 


STATION NO. 72510 
DATE 13073 
TIME (GMT) 1200 


PRESS URL 

TEMP 

DEW PT 

CM H20 

SUM 

1008 

-16.3 

-27.3 



959 

-16.3 

-2U.3 

.023815 

.023815 

915 

-17.1 

-23.1 

.026909 

.050725 

832 

-19-3 

-21.8 

.061099 

.111821* 

775 

-19.3 

-26.3 

.039766 

.151591 

721 

-22.5 

-37.5 

.021393 

.172981* 

665 

-26.3 

-35.3 

.013881 

. 186865 

61*9 

-25.9 

-1*7.9 

.002888 

.189751* 

500 

-35.1 

-52.1 

.010133 

.199887 

1*59 

-39-7 

-55.7 

.002101 

.201989 


20 



72U86 12/05/72 1200 ELY, NEV. 


798 22323 

U12 U016I 

795 17350 

4oo U0700 

781 16150 

332 U59OO 

751* 16215 

27U U73OO 

690 205>»1 

232 UU7OO 

679 20360 

109 U8IOO 

592 2716U 

163 U530O 

532 32363 

138 51300 

500 32563 

100 U9500 


STATION NO. 72U86 
DATE 12572 
TIME (ra4T) 1200 


PBESSUBE 

TE24P 

DEM PT 

04 H20 

SUM 

798 

-22.3 

-2U.6 



795 

-17.3 

-22.3 

.002211 

.002211 

781 

-16.1 

-21.1 

.012153 

.OIU365 

75U 

-16.3 

-17.8 

.029591 

.01*3956 

690 

-20.5 

-2U.6 

.065080 

.109037 

679 

-20.3 

-30.3 

.006708 

.11571*6 

592 

-27.1 

-Ul.l 

.0271*98 

.11*321*5 

532 

-32.3 

-U5.3 

.008995 

.15221*0 

500 

-32.5 

-»*5.5 

.OOU0U6 

.156287 

U12 

-Uo.l 

-51.1 

.009296 

.165583 
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72662 1 / 10/73 1200 RAPID 

CITY, S. DAK. 

907 19559 

1+00 lt 0 l 6 U 

893 1236 U 

300 5^^500 

86 h 10567 

267 58900 

836 12168 

250 58700 

729 13970 

178 53700 

700 16168 

131 52300 

670 16968 

121 55300 

651 18567 

115 5 ’‘J 00 

630 17369 

100 56300 

500 29967 



STATION NO. 

72662 




DATE 

11073 




TIME (GMT) 

]200 




PRESSURE 

TEMP 

DEW PT 

CM H 2 C 

SUM 

907 

-19.5 

-28.5 



893 

- 12.3 

-26.3 

.006370 

.006370 

861 * 

- 10.5 

-27.5 

.011*093 

.0201*63 

836 

- 12.1 

- 3 C .1 

.011825 

.032288 

729 

-13.9 

- 33.9 

.036216 

.068501* 

700 

-16.1 

- 3 l*.i 

.008769 

.077271* 

670 

-16.9 

-31*. 9 

.009001* 

.086279 

651 

-18.5 

-35.5 

.005513 

.091793 

630 

- 17.3 

-36.3 

.005857 

.097651 

500 

-29.9 

-1*6.9 

.021*859 

.122511 

1*00 

- 1 * 0.1 

- 5 l».l 

. 0081*67 

.130978 
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APPBIDIX B 


SEVBtE 8I0BM CASES 


Data are presented in the same naxmer as in appendix A except that station 
nunibers are not given euid the times listed with the radiosonde data are central 
standard time. 
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5/15/68 1101 RUSH SPRINGS, OKLA. 


961 25835 

700 09270 

92U 2282U 

696 09072 

879 19010 

672 07062 

86U 16856 

6U6 05677 

850 1U662 

600 OOU69 

83** 12870 

500 11558 

821 IIU80 

U5U 17957 

808 17057 

U37 19570 

760 1U259 

U29 19556 

718 10063 

Uoo 23158 


STATION NO. 

DATE 51568 

TIME (GWT) 1701 


PRESSURE 

TEMF 

DEW PT 

CM H20 

SUM 

961 

25.8 

22.3 



92U 

22.8 

20. U 

.651325 

.651325 

879 

19.0 

18.0 

.723858 

I.37518U 

86U 

16.0 

10.8 

. 186963 

I.5621U7 

850 

lU.b 

2.6 

.IO6U85 

1,668633 

83U 

12.8 

-7.2 

.O6615U 

I.73U788 

821 

11. U 

-18.6 

.O2U761 

I.7595U9 

808 

17.0 

10.0 

.070761 

1.830311 

760 

IU.2 

5.2 

.U1U561 

2.2UU872 

718 

10.0 

-3.0 

.2U85U2 

2.U93U15 

700 

9.2 

-10.8 

.061199 

2.55U615 

696 

9.0 

-13.0 

.008990 

2.563605 

672 

7.0 

-5.0 

.072703 

2.636309 

6U6 

5.6 

-21. U 

. 066168 

2.702U78 

600 

.U 

-18.6 

.059272 

2.761750 

500 

-11.5 

-19.5 

.I57U07 

2.919158 

U5U 

-17.9 

-2U.9 

.O6U09U 

2.983252 

U37 

-19.5 

-39.5 

.012003 

2.995256 

U29 

-19.5 

-25.5 

.005657 

3.000913 

Uoo 

-23.1 

-31.1 

.026821 

3.O2773U 


I 


5/15/68 1210 FT. SILL, OKLA. 


966 28863 

628 03675 

910 2U062 

59U 00072 

877 20U59 

578 02359 

850 19260 

500 11163 

833 19*»9‘t 

U82 12557 

802 17298 

U66 1U357 

737 I2U78 

U57 1U771 

700 10077 

uuu 16359 

689 09U77 

UlU 207b0 

666 06663 

UOO 22359 


STATION NO. 
DATE 

51568 




TIME (GMT) 

1810 




PRESSURE 

TEMP 

DE*I PT 

CM H20 

SUM 

966 

28.8 

15.8 



910 

2U.0 

12.0 

.6l*»86l 

.61U86I 

877 

20. U 

11. U 

.327503 

.91*2365 

850 

19.2 

9.2 

.252755 

1.195120 

833 

19.** 

-2U.6 

.080276 

1.275397 

802 

17.2 

-30.8 

.015507 

1.290905 

UT 

12. *» 

-15.6 

.062819 

I.35372I* 

TOO 

10.0 

-17.0 

.0560*t3 

1.1*09768 

689 

9.*» 

-17.6 

.015833 

1.1*25601 

666 

6.6 

-6.U 

.057988 

1.1*83590 

628 

3.6 

-21. *» 

.090157 

1.57371*8 

59U 

.0 

-22.0 

.038025 

1.611773 

578 

-2.3 

-11.3 

.03169** 

I.6U3U67 

500 

-11.1 

-2*».l 

.15381*7 

1.797315 

U82 

-12.5 

-19.5 

.025396 

1.822711 

U66 

-1«*.3 

-21.3 

.025905 

I.8U8616 

‘•57 

-1*».7 

-35.7 

.008631 

I.8572U8 

UUU 

-16.3 

-25.3 

.00983** 

1.867082 

ItlU 

-20.7 

-30.7 

.027517 

1.891*600 

UOO 

-22.3 

-31.3 

.009969 

1.901*570 



1 


5/15/68 1300 HIHTOH, OKLA. 


9U9 27U6U 
907 22662 
892 21863 
868 20265 
850 19666 
715 1U867 
700 08666 


6U7 OU663 
600 00161 
500 1235U 
U71 IU9U7 
U62 15760 
uoo 22362 


STATION NO. 

DATE 51568 

TIME (GMT) 1900 


PRESSURE 

TEMP 

9 U 9 

27 . u 

907 

22.6 

892 

21.8 

868 

20.2 

850 

19.6 

715 

IU .8 

700 

8.6 

6 U 7 

U .6 

600 

-.1 

500 

- 12.3 

U 71 

-IU .9 

U 62 

- 15.7 

UOO 

- 22.3 


DEW PT 

CM H 20 

13 . U 


10.6 

.UIOIO 9 

8.8 

.129298 

5.2 

. 176 Ulb 

3.6 

.II 2 U 75 

- 2.2 

.716093 

- 7 .U 

.058810 

- 8 .U 

. 16932 U 

- 11.1 

.lJi 0 l *78 

- 17.7 

.235773 

- 19.6 

.053327 

- 2 S .7 

.OI 2 U 91 

- 31.3 

.OU 8251 


SUM 

-U 1 OIO 9 

• 539 U 07 

.71582U 

.828299 

I.5UU392 

1.603203 

1.772528 

1.913006 

2 .IU 878 O 

2.202107 

2.21U599 

2.262850 
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6/8/66 10U8 CHICKASHA, OKLA. 


968 28263 

750 16271 

95U 2'i660 

739 15670 

938 25859 

700 13073 

891 21056 

600 02271 

850 18056 

500 09569 

818 17U58 

U 89 09971 

805 16U60 

U72 II76U 

792 16U57 

U6U 11768 

780 17863 

UOO 21167 


STATION NO. 
DATE 

60866 




TIME (GMT) 

161*8 




PRESSURE 

TEMP 

DEW PT 

CM H 20 

SUM 

968 

28.2 

15.2 



95 U 

27.6 

17.6 

.176518 

.176518 

938 

25.8 

16.8 

.215208 

.391727 

891 

21.0 

15.0 

.601766 

.9931*93 

850 

18.0 

12.0 

.U72305 

1.1*65799 

818 

17 . 1 * 

9 .U 

. 319026 

1 . 781*826 

805 

16. U 

6 .U 

. 11021*5 

1.895072 

792 

16. U 

9 . 1 « 

.112257 

2.007329 

780 

17.8 

1*.8 

.100061 

2.107391 

750 

16.2 

-U .8 

.160801 

2.268193 

739 

15.6 

-U.U 

.01*0971* 

2.309167 

700 

13.0 

- 10.0 

.125020 

2.1*31*187 

600 

2.2 

-18.8 

.203397 

2.637585 

500 

-9.5 

-28.5 

.110059 

2.71*761*1* 

U89 

-9.9 

- 30.9 

.007333 

2.751*978 

1*72 

- 11.7 

-25.7 

.013671 

2 . 76861*9 

U 6 U 

-11.7 

-29.7 

. 006869 

2.775519 

UOO 

- 21.1 

-38.1 

.03U0U5 

2.809565 


6/8/66 lUOO OORDELL, OKLA. 


951 33081 

672 07072 

938 31‘»78 

6 U 8 05677 

915 2927U 

622 02871 

901 281 i 73 

5U9 0597U 

062 2U070 

5l»0 06568 

850 23069 

500 10375 

8U3 22U68 

U60 12975 

003 I826U 

UI4U 15365 

751 12661 

U33 17362 

738 11259 
700 07850 

UOO 21768 


STATION NO. 

DATE 60866 

TIME (OfT) 2000 


PRESSURE 

TEMP 

DEW PT 

CM H 20 

SUM 

951 

33.0 

2.0 



938 

31 . 

3 .U 

.O65U31 

.0651*31 

915 

29.2 

5.2 

. 1321*55 

.197886 

901 

28. u 

5 .»* 

.088068 

. 28595 '- 

862 

2U.O 

U.O 

.2U2395 

.528350 

850 

23.0 

U.O 

.073078 

.6011*28 

8U3 

22 . U 

U.U 

.OU 3733 

.61*5162 

803 

18.2 

U .2 

.259019 

.90U181 

751 

12.6 

1.6 

.323U03 

1 - 227581 * 

738 

11.2 

2.2 

. 0781 * 1*2 

1.306027 

700 

7-8 

-.2 

.222775 

1.528803 

672 

7-0 

-15.0 

.102361 

1.631161* 

6 U 8 

5.6 

- 21 . U 

.031*61*2 

1.665807 

622 

2.8 

- 18.2 

.0331*23 

1.699230 

51.9 

-5.9 

-29.9 

.07571*0 

1.771*970 

5U0 

- 6.5 

-2U.5 

.007070 

I.7820U1 

500 

- 10.3 

-35.3 

.027287 

1.809328 

U60 

- 12.9 

- 37.9 

.013922 

1.823251 

uuu 

- 15.3 

- 30.3 

.008116 

i. 831 368 

U33 

- 17.3 

•29.3 

.008169 

1.839537 

UOO 

- 21.7 

-39.7 

.017972 

1.857509 
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6 / 5/66 lUoO TINKER AFB, OKLA 


963 30269 
956 29067 
915 2UU6O 
850 I8U56 
818 15238 
802 16258 
790 20U77 


788 21U88 
700 13087 
600 01679 
5U0 05178 
530 06776 
500 10376 
UOO 22375 


STATION NO. 
DATE 

60566 




TIME (GMT) 

2000 




PRESSURE 

TEMP 

DEW PT 

CM H 20 

SUM 

963 

30.2 

11.2 



956 

29.0 

12.0 

. 06 U 203 

.O6U208 

915 

2 U.U 

lU.U 

.U31388 

.U95597 

850 

I8.U 

12 . U 

.732258 

1.227856 

818 

15.2 

11 . U 

. 3U52U6 

1.573102 

802 

16.2 

8.2 

. 15 U 913 

1.728015 

790 

20 . U 

- 6.6 

.^ 70 Ui 5 

1 . 798 U 31 

788 

21 . U 

-16.6 

.COU35U 

1.802785 

700 

13.0 

-2U.0 

.09U161 

I.8969U7 

600 

1.6 

-27. u 

.073679 

1.970626 

5U0 

-5.1 

- 33.1 

.033U88 

2.OOU11U 

530 

- 6.7 

-32.7 

.OOU503 

2.008618 

500 

- 10.3 

-36.3 

.012096 

2.020715 

UOO 

- 22.3 

-U7.3 

.023736 

2.OUUU51 



] 


6/9/66 1100 PAULS VALLEY, OKLA. 


98k 17^^60 
963 15»*57 
918 12656 
910 15852 
872 li*807 
850 15016 
828 15025 
82U 1U858 
802 18268 
700 lOUUl 
595 00362 


579 02161 
55>* 05356 
52I4 08952 
521 09159 
515 0917»* 
511 08561 
500 09365 

1*92 09972 
U87 10377 
U37 15165 
uoo 20168 


STATION NO. 


DATE 

60966 




TIME (GMT) 

1700 




PRESSURE 

temp 

DEW PT 

CM H20 

SUM 

981* 

17.1* 

7.1* 



963 

I 3 .h 

8.1* 

.11*7681* 

.11*7681* 

918 

12.6 

6.6 

. 318696 

.1*66380 

910 

15.8 

10.6 

.0631*29 

.529810 

872 

1U.8 

ll*.l 

.398599 

.928U09 

850 

15.0 

13.1* 

.259916 

1.188326 

828 

15.0 

12.5 

.253065 

1.1*1*1391 

82I4 

ll*.8 

6.8 

.038035 

1.1*791*26 

802 

18.2 

.2 

.139152 

1.618578 

700 

10.1* 

6.3 

.699855 

2.3181*31* 

595 

-.3 

-12.3 

.591*517 

2.912951 

579 

-2.1 

-13.1 

.039971* 

2.952925 

55i* 

-5.3 

-11.3 

.067707 

3.020633 

32U 

-8.9 

-ll*.i 

.081915 

3.10251*9 

521 

-9.1 

-18.1 

.0061*33 

3.108982 

515 

-9.1 

-33.1 

.006755 

3.115738 

511 

-8.5 

-19.5 

.001*159 

3.119897 

500 

-9.3 

-2’.. 3 

.011*873 

3.131*770 

I492 

-9.9 

-31.9 

.0061*91 

3.11*1262 

1*87 

-10.3 

-37.3 

.00211*1* 

3.11*31*06 

U37 

-15.1 

-30.1 

.026023 

3.1691*30 

1*00 

-20.1 

-28.1 

.031031 

3.2001*61 
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5/24/66 1100 SHEPPARD AFB, TEX. 


983 2UU7O 
967 20870 
078 13076 
850 16275 
836 16272 
800 15261* 
15 


STATION NO. 


DATE 

521*66 

TIME (GMT) 

1700 

PRESSURE 

TEMP 

983 

21*. 1* 

967 

20.8 

878 

13.0 

850 

16.2 

836 

16.2 

800 

15.2 

771 

13.2 

735 

10.2 

700 

6.1* 

595 

-1.3 

500 

-13.1 

1*00 

-21*. 5 


771 13271 
735 10258 
700 06U56 
595 01361 
500 13159 
uoo 2U571 


DEW PT 
l*.l* 

CM H20 

.8 

.O7781U 

-13.0 

.262809 

-8.8 

.055750 

-5.8 

.03761*8 

1.2 

.150396 

-7.8 

.118039 

2.2 

.16291*8 

.1* 

.209973 

-12.3 

.1*35774 

-22.1 

.183581 

-1*5.5 

.071*020 


SUM 

.077811* 
. 31*0623 
.396371* 
.1*31*022 
.581*1*19 
.7021*58 

.8651*06 

1.075380 

1.511151* 

1.691*735 

1.768755 



1 


APPENDIX C 

U.S. STANDARD ATMOSPHERE, 1966 


Data from the "U.S. Standard Atmosphere Supplonents, 1966" were refor> 
matted and are presented in a manner similar to that of the previous appen- 
dixes. The three columns at the top of each page are pressure in millibars, 
ten^erature in degrees Celsius, emd deupoint depression in degrees Celsius, 
respectively. 
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AHMUAL READINGS OF PlffiSSUHE, TH4PERATURE, AND DEWPOINT DEPRESSION 

FOR THE EQUATOR 


Pres8tire« mbar Temperatiire, 


Dewpoint depression « °C 


1013.25 

26.5 

U.65 

903.9 

20.5 

U.U7 

80U.3 

lU.5 

U.3 

780.9 

13.0 

U.35 

758.0 

13.8 

15.0 

632.3 

3.75 

13. 9U 

U91.1 

-9.65 

12.57 

376. U 

-23.05 

12.8 

28U.3 

-36. U5 

15.0 


STATION NO. 

15 




DATE 

15 




TIME (GMT) 





PRESSURE 

TEMP 

DEW PT 

CM H20 

SUM 

1013 

26.5 

21.8 



903 

20.5 

l6.0 

1.6352l»6 

I. 6352 U 6 

80 U 

lU.5 

10.2 

I. 1 U 7196 

2 . 782 UU 2 

780 

13.0 

8.6 

.22l»9*»0 

3.007383 

758 

13.8 

-1.2 

. 1599 U 1 

3 .I 6732 U 

632 

3.7 

-10.1 

.U 75 IOO 

3 . 6 U 2 U 25 

U91 

-9.6 

-22.2 

. 29 U 218 

3 . 9366 UU 

376 

-23.0 

-35.8 

.103571 

J«. 0 U 0216 

281» 

- 36 . U 

-51. 

.027238 

U.O 67 U 5 U 
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JULY READINGS OF PRESSURE, TEMPERATURE, AND DENPOINT DEPRESSION 

FOR LATITUDE 30 ” N 


Pressure, mbar Tanpe rat tire , 


1013.5 

28.0 

90U.li 

20.5 

8jU.8 

15.0 

71U.3 

9.5 

632.5 

U.O 

U92.O 

-7.0 

378.1 

-21.0 

286.1 

-35.0 


Dewpoint depression. °C 

3.56 
6.65 

7.57 
7.28 
9.U 

11.27 

10.05 

11.51 


STATION NO. 30 
DATE 7 
TIME (GMT) 


PRESSURE 

TEMP 

DEW PT 

CM H20 

SUM 

1013 

26.0 

2U.3 



90U 

20.5 

13.8 

I.690U77 

I.690U77 

80U 

15.0 

7 .U 

.973889 

2.66U367 

71U 

9.5 

2.2 

.66U31U 

3.328681 

632 

U.O 

- 5 .U 

.U320UO 

3.760721 

U92 

-7.0 

-18.2 

.U21U68 

u. 182190 

378 

-21.0 

-31.0 

.150050 

U.3322UO 

286 

-35.0 

-U6.5 

.OUU3U9 

u. 376589 


3U 



JANUARY READINGS OF PRESSURE, TMI^RATURE, AND DEWPOINT DEPRESSION 

FOR LATITUDE 30* N 


Piressure, mbar 

Temperature. °C 

Dewpoint depression. °C 

1021.0 

Ib.O 

3.3U 

906. h 

11.0 

5.2 

803.5 

8.0 

5.07 

710.7 

1.5 

10.57 

626.8 

- 5.0 

13.05 

U 82.8 

-18.0 

13.36 

366.8 

- 31.0 

11.93 

27 *».‘‘ 

-hU.O 

10.59 


STATION NO. 

30 




DATE 

1 




TIME (GMT) 





PRESSURE 

TEMP 

DEW PT 

CM H 20 

SUM 

1021 

lU.O 

10.6 



906 

11.0 

5.8 

.837001 

.837001 

803 

8.0 

2.9 

.6U5186 

I.U82188 

710 

1.5 

- 9.0 

.U07063 

1.889252 

626 

- 5.0 

-18.5 

.176132 

2.065385 

U82 

- 18.0 

- 31.3 

.IU5396 

2.210781 

366 

- 31.0 

-U 2.9 

.OU71U5 

2.257926 

27U 

-UU.O 

-51 *. 5 

.OIU526 

2.272U52 



JULY READINGS OF PRESSURE, TEMPERATURE, AND DEWPOINT DEPRESSION 

FOR LATITUDE U5" « 


Pressure, mbar 

Temperatxire , ''C 

Dewpoint depression. ®C 

1013.5 

21.0 

U .5 

902.2 

16.5 

6 .U 8 

601.5 

12.0 

8 . 6 U 

710.3 

6.0 

10 . 9 U 

627.8 

0.0 

11.92 

U86.3 

-12 

lU.OU 

371.8 

-25 

12.58 

280.3 

-38 

11.19 


STATION NO. 

•♦5 




DATE 

7 




TIME ( 04 T) 





PRESSURE 

TEMP 

DEW PT 

CM H20 

SUM 

1013 

21.0 

16.5 



902 

16.5 

10.0 

1 . 15‘‘873 

1 . 15‘»673 

801 

12.0 

3.3 

. 75*»731 

I.9096OU 

710 

6.0 

-U .9 

.U57OO6 

2 . 366611 

627 

.0 

- 11.9 

.2595U9 

2.626160 

U 86 

- 12.0 

-26.0 

.2U32U1 

2.869U02 

371 

- 25.0 

-37.5 

.077586 

2.9U6988 

280 

-38.0 

-U9.I 

.025UU5 

2.972U33 


36 



JANUARY READINGS OF PRE^URE, TEMPERATURE, AND DEWPOINT DEPRESSION 

FOR LATITUDE I»5° N 


Pressiire. mbar Temperature. °C Dewpoint depression, °C 


1018.0 

- 1.0 

3.5 

897.3 

-U .5 

U .62 

789.6 

- 8.0 

5 . 2 ; 

69?. 7 

- 11.5 

7.22 

607.9 

-17.5 

7.93 

U62.U 

-29.5 

8.17 

3 U 6.8 

-U1.5 

9.51 

256.2 

- 53.5 

9.62 


STATION NO. 





DATE 





TIME (GMT) 





PRESSURE 

TEMP 

DEW PT 

CM H 20 

SUM 

1018 

-1.0 

-U .5 



897 

- 1*,5 

-9.1 

.296586 

.296586 

789 

- 8.0 

-13. u 

. 2 ilUU 0 

.508026 

693 

- 11.5 

-18.7 

.IU5203 

.653230 

607 

-17.5 

- 25 . >♦ 

.089233 

. 7 »* 2 U 63 

1;62 

-29.5 

- 37.6 

.081933 

. 82 U 396 

346 

-UI.5 

-51.0 

.02U353 

.8U8750 

256 

-53.5 

-63.1 

.005790 

.85U5U1 



1 




JULY READINGS OF PRESSURE, TEMPERATURE, AND DEWPOINT DEPRESSION 

FOR LATITUDE 60« N 


Presstire, mbar Temperatvire , 


1010.0 

lU.O 

896.1 

8.6 

793.1 

3.2 

700.2 

-2.2 

616.6 

-7.6 

5 U 1.5 

-13.0 

U 7 U.I 

-20.0 

359.2 

- 3 U.O 

267.6 

-U8.0 


°C Dewroint depression, **C 

4.3 

5.11 
U.90 
5.75 
6.U 

7.12 
7.85 
8.95 

10.18 


STATION NO. 

60 




DATE 

7 




TIME (GMT) 





PRESSURE 

TEMP 

DEW PT 

CM K20 

SUM 

1010 

lU.o 

9.7 



896 

8.6 

3.4 

.755347 

.755347 

793 

3.2 

- 1.7 

.512601 

1.2679*‘9 

TOO 

-2.2 

- 7.9 

.343934 

1.611883 

657 

-U.9 

- 53.9 

.066390 

1.678274 

616 

-7.6 

-l4.C 

.044239 

1.722514 

5»*1 

-13.0 

-20.1 

.134669 

1.857183 

U7U 

-20.0 

-27.8 

.076616 

1.933800 

359 

- 3 U .0 

-42.9 

.061003 

1.994803 

267 

-48.0 

- 58.1 

.013316 

2.008120 


38 



JANUARY READINGS OF PRESSURE, TQ<P£Ra E, AND DEWPOINT DEPRESSION 

FOR LATITODE t>vy" N 


Press\are« mbear Tooperatiire. **C Devpoint depression. °C 


1013.5 

-16 

2.65 

887.9 

-lU 

U.27 

777.7 

- 17.2 

U.16 

680.0 

- 20 . U 

U.87 

635 . U 

-22 

5.67 

593 . U 

-25. u 

5.5 

4 l» 6.9 

-39.0 

6.5U 

330.8 

-52.6 

7.U7 


STATIC N NO. 

60 




DATE 

1 




TIME (GMT) 





PRESSURE 

TEMP 

DEW PT 

CM H 20 

SUM 

1013 

-16.0 

-18.6 



887 

-lU.O 

-18.2 

.120213 

.120213 

777 

-17.2 

- 21.3 

.106930 

.2271U3 

680 

-20. U 

-25.2 

.079806 

.30695c 

635 

-22.0 

-27.6 

.030197 

.3371U7 

593 

-25.1* 

- 30.9 

.O23U79 

.360627 

UU6 

- 39.0 

- 1 » 5.5 

. 01*6627 

.»»07255 

330 

-52.6 

-60.0 

.010293 

. 1 » 1751*8 



JULY READINGS OF PRESSURE, TEMPERATURE, AND DEWPOINT DEPRESSION 

FOR LATITUDE 75® N 


Pressure, mbar 

Temperature. ®C 

Dewpoint depression, °C 

1012.5 

5.0 

2.29 

895.2 

2.U 

3.95 

790.6 

-0.2 

3.68 

71*2.6 

-1.5 

5.68 

613.0 

-11.25 

7.23 

1*69.1 

-2U.25 

8.57 

353.9 

-37.25 

9.89 

283.5 

-1*7.0 

10.28 

262.9 

-U6.5 

13.58 


STATION NO. 

75 




DATE 

TIME (GMT) 

7 




PRESSURE 

TEMP 

DEW PT 

CM H2C 

SUM 

1012 

5.0 

2.7 



895 

2.1+ 

-1.5 

.503182 

. 503182 

8Ul 

1.1 

-1*7.9 

.106227 

.6091*10 

790 

-.2 

-3.8 

.095526 

.7OU936 

71*2 

-1.5 

-7.1 

.162330 

.867266 

697 

-1*.7 

-53.7 

.070295 

.937562 

613 

-11.2 

-18.1* 

.063579 

I.OOIIU2 

1*69 

-2U.2 

-32.8 

.11*331*1* 

I.IUUU86 

35^ 

-37.2 

-U7.I 

.038536 

1.183023 

283 

-1*7.0 

-57.2 

.007312 

1.190335 

262 

-1*6.5 

-60.0 

.OOlOll* 

1.191350 


UO 




I 



JANUARY READINGS OF PRESSURE, TEMPERATURE, AND DEWPOINT DEPRESSION 

FOR LATITUDE 75® N 


Pressure, mbar Temperature. Dewpoint depression. 


1013.5 

-2U.0 

2.1*7 

881*. 1* 

-21.0 

U.81* 

826.7 

-19.5 

5.79 

772.5 

-22.2 

5.66 

673.2 

-27.7 

6.28 

58U.8 

-33.2 

6.90 

1*36.9 

-UU.2 

7.12 

321.8 

-55.2 

7.27 


STATION NO. 

75 




DATE 

-X. 




TIME (GMT) 





PRESSURE 

TEMP' 

DEW Pi' 

CM H20 

SUM 

1013 

-21.0 

-26.1* 



881* 

-21.0 

-25.8 

.062602 

.062602 

826 

-19.5 

-25.2 

.032t08 

.095211 

772 

“4-4- • <— 

-27.9 

.02981*0 

.125052 

673 

-27. T 

-3I.O 

.OUO8U5 

.165897 

581* 

-3^.2 

-lo.i 

.022891 

.188789 

U36 

-1U.2 

-51.3 

.020199 

. 208989 

321 

-55.2 

-62.5 

.005706 

.21U755 


NASA -JSC 


Ul 



